A field experiment was conducted on sand soil to evaluate the impact of interaction between nitrogen sources, rates water regime on micronutrients uptake by potato crop. Potato plants were fertilized with urea and ammonium phosphate applied at rates of 150, and 90 kg ha -1 of both two different N forms in addition to unfertilized treatment. These two rates were splitted into two equal doses; first one was applied at 20 days after seedling initiation and the second at 25 days from the first dose. Plants were grown under two water regimes, i.e. 100% and 60% Etc. Fe, Mn, Cu and Zn were frequently affected by water regimes. Except Cu, other elements were significantly accumulated in tubers under 60% evapotranspiration (Etc) regimes higher than 100% Etc regime. Fe, Mn in tubers was higher in case of urea than ammonium phosphate at rate of 150 kg N ha -1 as compared to 90 kg N ha -1
INTRODUCTION
In order to overcome the gap between crop production and human demand for vegetables and essential crops, good and proper nutrient management should be considered. One of the most important crops is potato which came to the fourth rank after rice, wheat and maize (Faostat, 2013) . It needs nutritional management strategy for getting remarkable production (Janmohammadi et al., 2016) . Balanced nutrients management can improve potato production and maintain the soil fertility. Adequate and suitable fertilizers (bio-organic or minerals) could achieve good production components of potato crop grown in irrigated soils under semi-arid conditions (Janmohammadi et al., 2016) . To obtain high yields of potato, proper N management as the most important factor should be concerned. Nitrogen use efficiency may be enhanced when closed to actual plant growth requirements (Pobereżny et al. 2015) .
Irrigated potatoes are usually grown on coarsetextured soils low in organic matter. Typically, these soils are sandy loams or loamy sands, low in native fertility, and quite acid. High nutrient demand coupled with low native fertility often results in high fertilizer requirements for irrigated potato production. Over the years, however, continued fertilizer applications can build up the soil test levels of certain nutrients. Environmental concerns, especially for nitrogen leaching, are also an important factor in fertilizer use on irrigated sandy soils.
Application of N fertilizer is usually necessary to ensure profitable potato production, because soil N is largely tied up in organic matter and a relatively small amount of this organic N becomes available for uptake over the growing season. Ensuring adequate N is necessary to achieve high yields, but too much N can also cause problems. Excessive N can reduce both yield and tuber quality and has the potential to leach to groundwater on well-drained sandy soils.
Transmission of metals from soil to plant tissues is studied using an index called Transfer Factor (TF). It is calculated as a ratio of concentration of a specific metal in plant tissue to the concentration of the same metal in soil, both represented in same units (Rangnekar et al., 2013a) .
Higher TF values (≥1) indicate higher absorption of metal from soil by the plant and higher suitability of the plant for phyto-extraction and phytoremediation. On the contrary, lower values indicate poor response of plants towards metal absorption and the plant can be used for human consumption (Rangnekar et al., 2013b) . The availability of metals for plants is controlled by plant's requests for micronutrients and their capacity to absorb and eliminate toxic elements.
This availability is different, depending on plant species and their adaptation to the environmental conditions. Based on this, plants can be divided into three categories: excluderators, indicators and accumulators. Herbs absorb less metal than fast growing plants such as lettuce, spinach, carrot and tobacco (Smical et al., 2008) .
This work aimed at tracing the effect of nitrogen fertilization and water regime on accumulation of iron, zinc, manganese and copper in tubers of potato crop and in the soil where plants were grown. Also, transfer of heavy metals from soil to the plants in the unpolluted area may give an impression about the quality of potato tubers.
MATERIALS AND METHODS
A field experiment using Potato tuber crop (Solanum tuberosum L., var. Spunta ) was conducted in sand soil located at Inshas area which belongs to Sharqeia Governorate. Some physical and chemical characteristics of the experimental soil are presented in Table (1) . Soil chemical and physical analyses were carried out according to Carter and Gregorich (2008) .
Before cultivation, soil received the recommended rates of phosphorus and potassium fertilizers. Phosphorus was applied as super-phosphate at rate of 180 kg P ha -1 , while potassium was applied at rate of 230 kg K ha -1 in the form of potassium sulfate. Nitrogen fertilizers were applied as urea and ammonium phosphate forms at rates of 150 kg ha -1 (100%), and 90 kg ha -1 (60%) from the recommended rate. Nitrogen rates were splitted into two equal doses, first was applied at 25 days after seedling initiation and the second one at 30 days from the first one. Plants grown under drip irrigation system were irrigated at two regimes, i.e. 100% ETc (W1) and 60% ETc (W2), from the crop evapotranspiration (ETc, mm/day). Combination of ETo and the crop coefficient value (Kc) of Potato which obtained from the publication data of Doorenbos and Kassam (1979) gave the chance to estimate the crop water requirement. Reference crop evapotranspiration (ETo) was calculated by Penman-Monteith equation (Allen et al., 1998 Experimental treatments were distributed in the field in a split-split design where water regime located in the main plots and fertilizer forms and doses were located in sup-plots. Microelements Cu, Fe, Mn, and Zn uptake by plant were determined according to Estefan et al., (2013) .
Determination of Transfer Factor (TF)
The transfer coefficient was calculated by dividing the concentration of heavy metals in plant by the total heavy metals concentration in the soil. TF = C plant / C soil Where, Cplant = metal concentration in plant tissue, mg kg -1 fresh weight and Csoil = metal concentration in soil, mg kg -1 dry weight.
The metal concentrations in the extracts of the soils and plants were calculated on the basis of dry weight. If the ratios >1, the plants have accumulated elements, the ratios around 1 indicate that the plants are not influenced by the elements, and ratios <1 show that plants exclude the elements from the uptake (Olowoyo, et al., 2010) . If the plants have higher TF values, they can be used for phytoremediation.
The data were subjected to ANOVA statistical analysis using SAS Statistical Software (SAS, software program, 2002) , and means were compared with the Least Significant Deference (L.S.D) at the 0.05 level.
RESULTS AND DISCUSSION

Micronutrients uptake by tuber Iron Fe
More iron was uptake by tubers of plants treated with urea fertilizer either applied at 150 or 90 kg ha -1 under 100% Etc water regime (Table 3) . Iron content was increased by increasing N rate. It seems that reduction in N rate decreased Fe content as compared to the unfertilized control. Similar trend, but to somewhat higher extent, was noticed under 60% Etc water regime. Mean values of N rates indicated that application of 150 kg N, despite of forms, had doubled the Fe content in potato tubers. Interaction between water regimes and N forms as well as interaction of N forms x rates indicated the superiority of urea over ammonium phosphate in stimulation of iron uptake by tubers. Statistically, water regimes, N rates were significantly affected the Fe content in tubers. In this regard, Ma and Zheng (2018) found that maize stover Fe concentration was negatively related to N rates. Nevertheless, this difference tended to fade out at high N rates. Iron remained in soil after harvest showed higher content of Fe as affected by ammonium phosphate than urea at rate of 90 kg ha -1 comparing to 150 kg ha -1 (Table 4) . Water scarce (60% Etc) reflected more Fe was remained in soil after harvest. Despite of N forms, Fe in soil was highly accumulated in case of 150 kg N ha -1 as compared to 90 kg N ha -1 . It seems that water regimes, N rates and forms either individually or in interactions statistically significantly affected the content of Fe in soil after harvest.
In harmony, Ma and Zheng (2018) indicated that maize grain Cu and Fe concentrations at maturity stage were positively responsive to N rates in all cropping systems. They added that the concurrent augmentation of Cu concentrations in stover and grain, along with increasing N, affirmed the synergism of plant N and Cu nutrition. Grain Fe concentration responded to N application in a manner in contrast to its stover concentration. Estimated TF of iron to potato tubers not exceeds the limits that negatively affected the quality of potato tubers (Table 5) . Transfer of Fe from soil to potato tubers seems to be very low. 
Manganese Mn
Manganese uptake by potato tubers under 100% Etc water regime was significantly affected by increasing N fertilizer rate up to 150 kg ha -1 , but both rates reflected lower Mn content than those recorded with the unfertilized control (Table 6 ). Similar trend, but to somewhat higher extent was noticed under 60% Etc water regime. Mean value of interaction between water regime and nitrogen form revealed the superiority of urea over ammonium phosphate under 100% Etc while there was no significant difference between forms when 60% Etc was considered. Mean values of Mn in tubers were higher in case of 60% Etc than those of 100% Etc water regime. Overall means of Mn as affected by interaction between N forms and N rates indicated the superiority of urea over ammonium phosphate. These results confirmed those earlier obtained by Saif El-Deen et al., (2015) who found that Mn concentration in sweet potato tubers was increased with increasing N fertilizer rates up to 60 kg N fed -1
. They added that improvement of micronutrients content in tubers as well as yield may be attributed to stimulating biological activities, i.e., enzyme activity, chlorophyll synthesis, rate of translocation of photosynthetic products and increased nutrient uptake through roots after foliar fertilization.
Manganese remained in soil after harvest reflected that fertilization treatments and water regime has an effective role (Table 7 ). Slight differences between N forms and rates were observed. This holds true under both water regimes. Also, interactions between tested factors did not reflect significant difference as Mn concentration in soil considered. It seems that Mn was moderately transferred from soil to potato tubers (Table 8 ). There were no significant differences between tested factors in terms of Mn concentrations in soil after harvest. 
Copper Cu
As shown in Table ( 9), copper uptake by tubers was significantly affected by N form and rate where its contents increased with increasing N rates up to 150 kg ha -1 and higher in case of urea than ammonium phosphate when plants irrigated at 100% Etc regime. Reversible trend was noticed under 60% Etc regime whereas Cu was higher in case 90 kg N ha -1 than those of 150 kg N ha -1 but there was no significant difference between N forms. Mean values of Cu as affected by water regimes did not reflect significant difference between them. Mean Cu values as affected by N forms reflected the superiority of urea over ammonium phosphate. These values of Cu concentration in potato tubers are in accordance with those of Lokeshappa et al., (2012) who reported that copper was in low concentrations in potato.
Although, the mean value of Cu as affected by N rate did not reflected significant difference, some findings showed increase of Cu uptake by tubers with increasing N rate especially under 100% Etc water regime. This finding was, to some extent, in consistent with those of Ma and Zheng, (2018) who found that Cu concentration in maize stover increased linearly with increasing N rates. It seems that potato tubers were excluder for Cu since the content was under permissible limits reported by Chary et al., (2000) and Codex (1995) .
Copper content in soil after harvest (Table 10) , was not greatly affected by N rates either with 100% Etc or 60% Etc regimes. In case of 100% Etc, Cu remained in soil doesn't varied between N forms. Ammonium phosphate was superior over urea when Cu content under 60% Etc was concerned. Mean Cu values affected by water regime were slightly tended towards 60% Etc regime. Also, mean Cu values as affected by N form and rate reflected the superiority of ammonium phosphate over urea. In this respect, Mirecki et al., (2015) reported that permissible limit for Cu (mg kg -1 ) in soil in UK was 135 at pH 6-7. It means that our soil has lower limits than those mentioned above. This is not our case since our soils tended to be alkaline and Cu as other microelements becomes unavailable for plants. Therefore, Cu remained in soil after harvest were very low as compared to those of Mirecki et al., (2015) .
Copper was moderately to high transferred from soil to plant tubers as affected by tested factors (Table  11) . Data of TF did not reflect any significant difference between water regimes, N forms and N rates and their interactions. Mirecki et al., (2015) found that Cu has medium transfer factor for all types of vegetables including potato crop and ranges from 0.01-0.2 in polluted to 0.05-0.5 in unpolluted area. Similar results are reported by Jolly et al. (2013) where TF for Cu is medium (0.069-0.127) in comparison with TF for Zn.
Zinc Zn
Zinc accumulated in potato tubers were significantly affected by N forms (Table 12 ). This phenomenon was more obvious under 60% Etc rather than 100% Etc regime. In the same time, Zn tended to increase with 90 kg N ha -1 as compared to 150 kg N ha -1 . This was obvious with 100% Etc than 60% Etc regime. Interaction between N form and water regimes reflected the superiority of ammonium phosphate over urea especially with 60% Etc regime. More Zn was accumulated in tubers of plants irrigated with 60% Etc comparing to 100% Etc regime as indicated by overall means of water regime factor. Similar trend was observed by Lokeshappa et al., (2012) who reported that zinc was present in moderate concentrations in potato samples.
The synergistic effect of high N rate on Zn uptake by tubers are in consistent with results of Ma and Zheng (2018) who indicated that maize grain Zn concentrations were negatively related to N rates. Similar dilution effect of grain Zn concentration was noted by Feil et al. (2005) , but the nil-effect of N rates was reported in other studies (Riedell et al. 2009; Ciampitti and Vyn 2013) . According to Kloke et al., (1984) , zinc is not considered to be highly phytotoxic and the toxicity limit for Zn (300-400 mg kg -1 ) depends on the plant species and its growth stage. High concentrations of zinc in plants may cause loss of leaf production, where low concentrations may cause deformation of leaves.
According to Chary et al., (2000) and Codex (1995) , zinc content in potato tubers were above permissible limits and the agricultural products like potato (accumulator). Accordingly, among the metals studied (Zn, Cu, Cd and Fe) in the tubers, Zn had the highest mean in potato (Apau et al., 2014) . They added that the mean concentration of metals in tubers from the selected markets gave a general sequence as follows Fe>Zn>Cu>Cd with the exception of potato which recorded Zn as the highest mean concentration of the metals.
Zinc remained in soil was higher in case of soil fertilized with urea than ammonium phosphate (Table 13) under 100% Etc regime. Reversible trend was noticed with 60% Etc where ammonium phosphate was the best. Mean value of N form interacted with N rate reflected the superiority of urea over ammonium phosphate. Zn in soil was higher with addition of 150 kg N ha -1 than 90 kg N ha These values of Zn in soil after harvest were very low when compared to permissible limits reported earlier (300 mg kg -1 dry weight) at pH 6-7 of UK soils (Mirecki et al., 2015) . It seems that potato tubers act as accumulator for Zn since TF was high and nearly to 1. Ammonium phosphate enhanced the transfer of Zn comparing to urea fertilizer (Table 14) . It increases with application of 90 kg N ha -1 as compared to 150 kg N ha -1
. There was no significant difference between 100% and 60% Etc water regimes.
TF values obtained for Zn by Mirecki et al., (2015) , indicated that all investigated species including potato had Zn accumulation capacity in their organs. Even corn with the lowest TF in this study (0.1-0.2), had a high Zn concentration. According to Sajjad et al. (2009) if the transfer coefficient of a metal is greater than 0.5, the plant will have a greater chance of the metal contamination by anthropogenic activities. In the time, it was apparent that TF of Zn, and Cu decreased when the plants were grown in the soil with a higher contamination. Zinc has higher transfer factor for all tested crops including potatoes and ranges from 2-3 in unpolluted locations (Mirecki et al., 2015) . The soil-to-crop transfer of heavy metals might pose a potential health risk to the local residents (Bi, et al., 2006) .
In general, Ezzat, et al., (2011) reported that micronutrients uptake by potato tubers were significantly affected by nitrogen application rate and irrigation intervals. They observed the highest values of Fe, Mn and Zn with 26 days irrigation intervals combined with 360 kg N ha -1 . Ma and Zheng (2018) attributed the reason for the suppressive effects of N on maize stover Zn, Mg and Fe concentrations to the increased remobilization and translocation of Zn, Mg and Fe from vegetative tissues to the grain, as evidenced by the increased HI values, with increasing N rates. They speculated that the increased grain yields under high N supply must be supported by higher rates of translocation of several mineral elements from shoots to the developing kernels, resulting in mineral concentrations being lower in the stover but higher in the grain (Riedell et al. 2009 ).
In addition, high N supply may have made Cu and Zn more available to the crop as N fertilization leads to the acidification of the soil (Divito et al. 2011) . A small change in soil pH can significantly affect solubility and crop uptake of Zn, Cu, Mn, and Fe (Khoshgoftarmanesh et al. 2010) . The enhanced root growth and greater release of organic acids from root exudates of highly N-fertilized maize may have indirectly promoted the formation of Cu 2+ , which could become available for uptake by plant roots (Fageria 2001; Riedell 2010) . Soil acidification may have also increased Zn bioavailability, as illustrated in wheat (Cakmak 2008) and maize (Divito et al. 2011) .
Thus, it can be concluded that zinc element was more accumulated in tuber than other elements and highly transferred to plants that fertilized with ammonium phosphate comparing to urea form. Tested micronutrients were differentially affected by N forms and rate and water regimes. According to TF values, we suggest that, under such given conditions, more attention should be paid for zinc status in the soil and risk assessment may be considered.
